This paper studies the properties of bond risk premia in an economy with recursive preferences, long run risks, and monetary policy. The solution for bond yields is quadratic and monetary policy shocks command a time varying price of risk. An empirical proxy of monetary policy shocks is obtained from the residuals of panel regressions estimated over an extensive survey of Federal Funds, gdp and inflation forecasts. The analysis shows that monetary policy shocks predict future bond returns in an economically and significant way: univariate regressions for bond maturities of 2 years reveal that monetary policy shocks account for 16% of the time variation in realized returns. Excluding the last financial crisis from the sample significantly strengthens the results, which we interpret as a consequence of constraints imposed by the zero-bound.
I. Introduction
Under no arbitrage, changes in prices of default-free Treasury bonds reflect shocks to risk neutral expectations about future short rates. Thus, monetary policy shocks can affect bond prices through both physical expected future rates and bond risk premia. This paper investigates, both theoretically and empirically, the extent to which investors view monetary policy shocks as a source of priced risk in bond markets and whether this channel is empirically important to explain time-variation in the price of risk. Indeed, a first empirical glance to this channel reveals a potentially interesting relationship: we run a univariate regression of excess returns on two year Treasury bonds on a proxy for monetary policy shocks displayed in figure 1. This proxy is obtained from the residuals of a Taylor rule regression.
1 We find that the slope coefficient is 0.39 (t-statistic of 3.21) with an R 2 of 16%, suggesting that monetary policy may have a non-trivial impact on risk premia. The rest of this paper seeks to understand the role of monetary policy shocks for yield curve dynamics. This figure displays time series a measure for monetary policy risk (u t ) proxy. Monetary policy risk is proxied as the consensus (median) residuals from the individual expected Taylor rule panel regressions described in the data section. For comparative analysis we also overlay the level of the Fed Funds rate. Sample Period: 1990 Period: .1 -2011 An increasingly popular class of macro-finance models ( Gallmeyer et al. (2005 ( Gallmeyer et al. ( , 2009 proposes a role for monetary policy in an asset pricing framework by introducing equilibrium Taylor rules set by the Fed. In these economies, monetary policy shocks command a constant price of risk but help to resolve economic understanding of additional salient features of the data, such as the term structure of yield volatility. The importance of the asset implications of Fed interventions are confirmed by many empirical studies (see, for instance Kuttner (2001) , Bernanke and Kuttner (2005) , Lucca and Moench (2011) ) which document that announcements by the Federal Open Market Committee (FOMC) have a large impact on financial variables. At the same time, a recent paper by Fama (2012) challenges the notion that the Fed is able to control the short rate instrument. In the last thirty years, for instance, the stock of federal debt held by Federal Reserve Banks as percent of gdp has averaged around 5%. "In this context, it seems implausible that the Fed has a major role in determining U.S. interest rates, except to the extent that it can affect expected inflation. It seems more implausible that in an open international bond market, multiple central banks can separately control interest rates in their local markets." (Fama (2012) ). We document both theoretically and empirically, that monetary policy shocks are an important source of variation of bond risk premia.
The first part of the paper motivates the empirical sections by deriving a simple model in which equilibrium Taylor rule introduce a source of predictable variation in excess bond returns. We assume that agents are endowed with Epstein and Zin (1989) preferences and the central bank can set the nominal short rate; the representative agent then forms expectations about future inflation that are consistent with equilibrium, as in Gallmeyer et al. (2005 Gallmeyer et al. ( , 2007 . A feature of this framework is that the policy process is priced and becomes a state variable for nominal quantities. Moreover, while in general there are multiple RE solutions for the nominal pricing kernel, in some of these economies monetary policy innovations command a price of risk that changes over time. Finally, the time-varying risk premium can take both positive and negative signs. Counter to the extant literature on Long Run Risk (Bansal and Yaron (2004) ), we do not assume stochastic volatility in fundamentals as we want to isolate the effect of level of economic activity. Thus, we adopt Le and Singleton (2010) approach of conjecturing and solving for a quadratic solution for the log wealth to consumption ratio to obtain endogenously time-varying risk premia and bond conditional yield volatilities. The term structure is obtained in closed form as a linear-quadratic function of the level of economic activity (i.e. consumption growth) and a monetary policy component.
In order to test this potentially interesting channel, the second part of the paper con-structs an empirical proxy of policy shocks by estimating the residuals of a Taylor rule regression using survey expectation on the fed fund rate, gdp, and inflation. Expectations are taken from the BlueChip Financial Indicators survey and allow us to estimate the parameters of the Taylor rule using panel techniques (thus avoiding the sample averaging of consensus estimates). Then, we explore the implications of the model by running regressions of expected bond returns on monetary policy innovations implied by the Taylor rule. We find strong supporting evidence of the importance of modelling directly this channel. Both the level of economic activity and monetary policy innovations are priced and can explain the time variation of bond excess returns with R 2 ranging between 22% (5 year bonds) and 35%
(2 year bonds) in multivariate regressions at one year holding period horizons. Moreover, consistent with the linear-quadratic model, the quadratic components of the state variables are statistically significant. While the real side of the model is consistent with many specifications in the long-run risk literature, it is interesting to notice that the predictability we find is not due to stochastic volatility in the fundamentals but exclusively in the time variation of the price of risk. We conclude the paper by discussing some avenues of potential future research.
A. Related literature
The first to explore the role of Taylor rules for the term structure in a nominal structural economies are Gallmeyer et al. (2005 Gallmeyer et al. ( , 2009 . We show that their general set up is robust to extensions. First, we shut down the economic uncertainty channel and introduce time variation in the price of risk without assuming stochastic volatility of fundamentals. Second, we
show that in this economy bond prices and returns are quadratic in consumption growth and the monetary policy state variable. Monetary policy shocks are a source of bond predictability. Le and Singleton (2010) are the first to discuss the link between non-linear conjectures for the log wealth to consumption ratio and bond prices in long run risk economies. Their work focuses on the real pricing kernel, while we are interested to study the role of the monetary policy via Taylor rules on nominal bond prices. They obtain an essentially affine characterization of bond prices under the Q-measure. In our approach, we begin with affine processes under the P measure which, coupled with non-linear equilibrium market prices of risk, imply non-affine (i.e. quadratic) pricing under the Q measure.
A vast asset pricing liteature try to integrate information on macroeconomic information and no-arbitrage conditions to study the implications on the term structure (see Ang and Piazzesi (2003) , Ang et al. (2005) , Bikbov and Chernov (2010) ). Within this lit-erature, several studies try to empirically measure and interpret the reaction of yields to monetary policy shocks. Examples include Evans and Marshall (2001) , Cook and Hahn (1989) , Kuttner (2001) , Cochrane and Piazzesi (2002) , and Demiralp and Jorda (2004) . Piazzesi and Fleming (2005) and Grkaynak et al. (2005) use tick data to investigate how yields adjust to FOMC announcements. Instead of focusing on the information content of FOMC announcements (i.e. unexpected shocks), we study a component of the monetary policy that has the potential of being a state variable in an economy in which the central bank can set short term interest rates according to a Taylor rule. This component is the deviation between the realized short term rate and the rate which is implied by the Taylor rule. The contribution of this paper is to provide a rigorous empirical study of its effects.
II. Model
In this section we study an economy where the representative investor is endowed with Epstein and Zin (1989) preferences and the price level is set by the Central Bank via a Taylor rule. Closed form expressions for yields are derived when both consumption growth and endogeneous inflation are subject to long run risk shocks. Finally, expected returns on bonds feature time-varying prices of risk, even though fundamentals are homoskedastic.
A. Preferences and consumption dynamics
Consider a representative agent who ranks consumption profiles according to Epstein and Zin (1989) recursive preferences (EZ):
, δ is a time discount factor, γ is the coefficient of risk aversion, and ψ is the elasticity of intertemporal substitution (EIS). As discussed in Bansal and Yaron (2004) , EZ preferences allow for separation of time-and state-preferences for consumption, a property unavailable in time-seperable specifications where consumption profiles are governed by a single parameter, γ = 1/ψ. When γ ̸ = ψ agents have a preference for early (late) resolution of uncertainty when risk aversion is larger (smaller) than the inverse of EIS. A preference for early resolution combined with ψ > 1 implies that θ < 1. The representative maximises lifetime utility subject to the standard budget constraint W t+1 = R W,t+1 (W t − C t ), where
denote wealth, consumption, and the gross return on the wealth portfolio that delivers a consumption series as its dividend payment. Epstein and Zin (1989) show that this recursive formulation results in the following (log) real pricing kernel:
where r W,t+1 is the real log return on the wealth portfolio, and log consumption growth follows
where ϵ c,t+1 and ϵ g,t+1 shocks are ∼ i.i.d.N (0, 1), ϕ c is a vector of conditional mean sensitivities, and g t+1 follows a stationary first order VAR with diagonal Φ g and Σ g . Note, unlike the extant long run risk literature, we do not include time-varying economic uncertainty. Specifically, a typical economy featuring long run risks would also include a time-varying volatility component of the form σ
. Time-varying risk premia in such economies are generated with time-varying quantities of risk, with market prices of risk held constant. Here, instead, we follow the lead of Le and Singleton (2010) who show that constant market prices of risk are not an inherent feature of recursive preferences, but rather a result of commonly employed linearisations used to obtain tractable pricing formulae.
B. The real SDF
In order to be able to fully characterize the real SDF, we need to solve for the return on the wealth portfolio. A standard strategy in the literature is to: log-linearize the return around its steady state, guess that the price-to-dividend ratio of the wealth portfolio is linear in the state variables, and impose equilibrium (Euler equation) to solve for the coefficients.
Following the lead of Le and Singleton (2010) , we postulate that the price-to-dividend ratio of the wealth portfolio has a linear-quadratic dependance on the state variables, and loglinearize the quadratic term around its lagged realizations; finally, we solve for the unknown coefficients invoking equilibrium, as standard. As discussed in Le and Singleton (2010) , this modeling approach has pricing implications: it generates a time varying premium even in the absence of stochastic volatility in fundamentals. Importantly, as it will become clearer later, this ingredient allows us to obtain a time varying price of risk for monetary policy shocks, a feature that is absent from models that conjecture linearity. The appendix spells out in detail all the steps of the derivations and shows that the real SDF and real short term rate can be written as:
where all coefficients are defined in the appendix. More concretely, consider innovations to the discount factor:
This expression shows that risk compensation can be decomposed into three components: The first implication of a linear-quadratic solution to return on wealth is that risk compensation is time-varying through variation in the price of risk and not the quantity of risk.
The price of risk can also switch sign, a feature absent in models with time-varying quantity of risk. Therefore, state variables that take both positive and negative values translate into excess bond returns that can switch sign, a feature well documented in the data (Duffee (2002) and Dai and Singleton (2002) ).
A second implication of the linear-quadratic solution is that the 1-period (risk free) interest rate is linear-quadratic. Since long term bonds are risk adjusted averages of expected future short rates the term structure inherits a quadratic dependence on the state.
Reduced form quadratic models have been studied in continuous time by Constantinides (1992), Ahn et al. (2002) , and Leippold and Wu (2001) and discrete time by Realdon (2006) .
Equilibrium models in continuous time have also been developed in economies with multiple agents with difference in belief, for example, Dumas et al. (2009) and Buraschi and Whelan (2012) .
C. The nominal SDF
The last step in the benchmark set-up to solve for the inflation process, from which the nominal pricing kernel prices all assets; this requires specifying how the price level is determined in our economy. As in Gallmeyer et al. (2009) and David and Veronesi (2011) and others, we close the nominal side of the economy by specifying a Taylor (1993) rule that links the nominal short rate to the inflation rate:
where β is the policy response parameter to inflation and the monetary shock u t follows AR(1) process given above. We assume that the representative agent has rational expectations (RE), and derive the process for inflation by requiring that it is consistent with the dynamics of the economy. The equilibrium condition we exploit is the equality between the nominal short rate yield implied by the SDF and the one implied by the Taylor rule.
This implies a restriction on the endogenous inflation process in equilibrium. Let us de-
it is possible to show (see Appendix) that the equilibrium the nominal stochastic discount factor can be written as:
(1)
where, again, all coefficients are defined in the appendix. Our main empirical task is focused on testing the following proposition 
The price of risk can be decomposed into three components: (i) a constant risk premium for consumption growth shocks (γσ c ), as standard also in CRRA economies; (ii) a constant risk premium Λ (Duffee (2002) and Dai and Singleton (2002) ).
Structural models studied by the literature (such as Gallmeyer et al. (2009) 
III. Data
As discussed above we study the role of long run risk (g t ) and monetary policy (u t ) in Treasury bond markets. This section describes right and left hand variables used in the following empirical analysis.
A. Survey Data
We depart from the canonical literature on Taylor at quarterly horizons out to 5Q 4 .
B. Macro series
We compute implied consensus and subjective (at the individual level) measures of the output gap for which we use data on real GDP and the GDP price index from the Bureau of Economic Analysis (BEA).
C. Identification of Monetary Policy Shocks
We are interested to study agents' perception of how the Fed implements the Taylor rule. We briefly review the theoretical framework to highlight the issue of identification of monetary policy shocks. Let π t denote the change in the price level from quarter t − 1 to quarter t, annualized and in percentage points. Similarly, let x t denote the output gap in quarter t, in percentage points. As standard in the literature, the output gap is defined as
· 100, where Y t and Y * t denote actual and potential output at time t, respectively. Finally, let f t denote the time t Federal Funds rate. According to the classic Taylor rule, current Federal Funds rates should be adjusted in reaction to changes in output gap and to deviations of the inflation rate from its target π * :
This rule has a simple interpretation. In the absence of disturbances to the economy, the Federal Funds rate is constant and equal to f * . If, on the other hand, either output deviates from its potential level, or inflation is not in line with its target, the Central Bank intervenes to stabilize the economy: the parameters β and γ capture the sensitivity to inflation and output stabilization, respectively. In practice, it has been observed that the Central Bank behaves less responsively to the state of the economy than implied by the benchmark Taylor rule; this is consistent with the Central Bank having preferences over the degree of variability of Federal Funds rates; also, the Central Bank might be interested to macro aggregates that are not realizing at time t. In order to accommodate 'policy inertia' and backward-/forwardlooking policies, the benchmark rule can be extended to include lagged federal funds and lags/leads in its arguments: 
Since expectations are directly observable from survey data, a simple estimation strategy for equation (4) is to fix the horizons h, j, k, the number of lags for the lag polynomial ρ(L), and estimate the parameters in panel regression of individual federal funds forecasts on inflation and output gap consensus forecasts.
To proceed we require forecasts of the output gap which are unavailable however, we do have forecasts of future GDP growth. We construct output gaps as follows: We fit a Hodrick-Prescott filter (with a smoothing parameter of 14,400) to log output y t = log(Y t ) and estimate the mean growth rate of the economy g * t as the average log difference of output. We construct potential output Y * t by taking the trend component of the filtered series, and construct conditional estimates of future potential output as
Next, we obtain estimates of actual output using the consensus growth rates,
) . . .
). Finally, we construct the projected output recall that in the theory section above the dynamics of u t follow an AR(1) process so that the consensus (E c t ) residual is given by
from which we obtain a scaled version of u t . As a potential proxy for in the uncertainty surrounding this unobservable state we also compute the dispersion (mean-absolute-deviation) in the panel residual, which we label U nC(u t ). 
D. Long Run Risk
The long run risk literature typically assumes an endowment process which departs from an i.i.d consumption process through a time-varying conditional mean. In addition, the dynamics of the persistent conditional mean usually have time-varying second moments, so called, economic uncertainty. We depart from the canonical long run risk framework by assuming constant volatility in fundamentals but positing a quadratic solution to the return on wealth. The resulting stochastic discount factor has a time-varying price of risk driven by the level of long run risk factors. Furthermore, we impose a Taylor rule equilibrium constraint so that time-variation nominal variables are driven by the real states plus a monetary policy shock.
Recently, Ludvigson and Ng (2009) found strong evidence linking bond returns to variations in the level of economic growth rate factors by running return predictability regressions on the principle components from a large panel of real, nominal, and price-based variables.
In the economy above a small set of state-variables are responsible for time-variation in the conditional mean of both real and nominal variables. Different than Ludvigson and Ng (2009) , we drop all price based information in order to interpret the resulting panel as a pure growth rate factors.
6 The resulting first principle component from this dataset explains around 90% of the unconditional variance of growth rates, which we take as a proxy for the conditional mean of consumption growth, g t . Further details of the construction and macro series included are given in the appendix of Buraschi and Whelan (2012) .
E. Bond Data
For Treasury bonds data we take zero-coupon bond yields from Gürkaynak et al. (2006) .
7
The following notation is adopted. Define the date t log price of a n-year discount bond as:
= log price of n-year zero coupon bond.
6 Examples of price variables removed include: S&P dividend yield, the Federal Funds (FF) rate; 10 year T-bond; 10 year -FF term spread; Baa -FF default spread; and the dollar-Yen exchange rate. A small number of discontinued macro series were replaced with appropriate alternatives or dropped.
7 Continuously compounded zero-coupon yields are updated daily here: www.federalreserve.gov/econresdata/researchdata.htm
The yield of a bond is defined as y
t . The date-t 1-year forward rate for the year from t + n − 1 and t + n is f
. The log holding period return is the realised return on an n-year maturity bond bought at date t and sold as an (n − 1)-year maturity bond at date t + 12:
Excess holding period returns are denoted by: the Fed has maintained the target in the 0%-0.25% range uninterruptedly. Both phases might be influential for our empirical results. In particular, the commitment by the Fed to keep rates close to the zero bound leaves little room for surprises about the fed funds target and invalidates the empirical content of our proxy. Constrained by the zero-bound, the Fed has recently abandoned its traditional policy instrument (the Fed funds target) in favour of unorthodox alternatives (QE etc.), so that a more appropriate measure of policy shocks should be defined in terms of innovations to expectations about the composition of its balance sheet. Since balance sheet effects are out of the scope of this paper, we simply check the robustness of our results by considering two subsamples.
IV. Empirical analysis
In all regressions, the left hand side variables are one-year realised excess returns on bonds with maturities between 2 and 5 years (rx (n) t,t+12 , n = 2, . . . , 5), and reported t-statistics use 12-lags Newey West corrections.
A. Univariate regressions
We first run univariate regressions of realised returns on monetary policy shocks. Panel A of table IV summarises the results for the full sample (1990.01-2011.03) . The main message is that the level of monetary policy shocks positively predicts realised returns in an economically and statistically significant way. The significance, however, is decreasing in bond maturity.
The point estimates go from 0.39 for n = 2, to 0.25 for n = 5. Similarly, the t-statistics and R 2 decline from 3.21 and 16%, to 1.71 and 6%, respectively.
[Insert The results across the two subsamples indicate that the last financial crisis represents a structural break in the way that bonds are priced. Before the financial crisis, the compensation required by bond holders varied over time with the level of monetary policy shocks, and this pattern was similar across maturities. These dynamics, however, have changed during the financial crisis: the relationship between monetary policy shocks and bond returns has weakened, and this effect has been more pronounced for bonds at long maturities. We believe that this transition can be interpreted as the consequence of the change in the way that monetary policy is conducted: (i) the commitment of the Fed to keep rates close to zero virtually eliminated policy surprises in the short rate instrument, and (ii) the absorption of long term premia as a consequence of QE severed the link between short and long term rates.
8 The power of the CP factor is cut dramatically once one includes the financial crisis. For example, in the sample period that overlaps ours the 5-year bond excess return produces an R 2 of 15%.
B. Bivariate regressions
Our model indicates that time variation in real term premia is driven by the conditional mean of consumption growth. Since it is not clear a-priori whether the predictability we find is in fact generated by time variation in real term premia, we control for this channel by running bivariate regressions of realised returns on monetary policy shocks and the conditional mean of consumption growth. Table V [Insert and +6% for n = 2 and n = 5, respectively), suggesting that the also the time variation in real term premia play an important role in the time variation of bond returns.
The results for the sample that excludes the financial crisis (Panel B), on the other hand, tell a slightly different story. After controlling for g t , the statistical and economic significance of the loadings on u t is slightly reduced, even though the null of no predictability is rejected at any standard level. The economic and statistical significance of the loadings on g t , on the other hand, decline in maturity, and the rise in R 2 is smaller (in relative terms) than the one observed for the full sample case. 
C. Linear quadratic regressions

V. Discussion of Empirical Results
A. Monetary Policy Risk Compensation
The u(t) factor is given by the orthogonal component of expected future fed funds rates to macro-economic variables such as output growth and inflation. This factor is spanned by interest rates: since u(t) is a state variable in the linear-quadratic solution of bond prices, one could use a cross-section of bonds to reveal the factor by inversion. Moreover, Figure 3 shows that u(t) is countercyclical, a feature of the predicting the tent-shaped factor studied by Cochrane and Piazzesi (2005) . It is natural therefore to investigate whether there exists an empirical link between u(t) and the CP (t)-factor.
We run a regression of the CP -factor constructed from the Fama-Bliss dataset on u(t), u 2 (u), g(t), and g 2 (t). As expected, the growth rate g(t) is not significant. However, the policy factor u(t) is highly significant with a t-statistics equal to 3.90. Moreover, a regression of CP (t) on u(t) alone generates a R 2 equal to 28%. (See Table VII for a summary of the results). This is an indeed an intriguing result. A plot of the CP t factor and u(t) reveal that the two series are remarkably correlated, especially at business cycle frequency. During each major recessions in our sample (1990-1992, 2001-2002, and 2008-2009 )) the two time-series peak and they drop during phases of economic recovery (1994 and 2005) .
It should be noticed that we do not use bond prices to estimate the u(t) factor, so that it is unlikely that the result is spurious or due to chance. It is also interesting to notice that when we regress the CP t -factor on the volatility variables discussed in previous sections, the results are hardly significant. This suggests that the reduce-form results in Cochrane and Piazzesi (2005) could be linked to the formation of expectations regarding the future monetary process. It should also be noticed that while u(t) is a factor spanned by interest rates, it is unspanned by the inflation and consumption growth since it contains information from the orthogonal component to the arguments of the Taylor rule.
[Insert table VII and figure 3 here.]
B. Macro Levels Versus Macro Volatility
It is useful to highlight the distinctive features of our model in the context of the extant While our assumptions about the preferences of the representative agent and the process of the conditional mean of consumption growth have a classic LRR flavour, the pricing implications differ from the "robust" features highlighted above. Namely: (i) bond prices belong to the linear-quadratic class; (ii) the price of risk can switch sign, and it is driven by the levels, rather than conditional volatilities, of the state variables. Importantly, monetary policy shocks are a source of predictable variation in the price of risk, a feature that, to our knowledge, is unique in the context of structural models with endogenous inflation.
It is natural to ask whether our forecasting factors are subsumed by conditional volatilities, the source of predictability in mainstream LRR literature. We answer this question by running horse races: we regress excess returns on both the levels and conditional volatilities of u t and g t , and assess the marginal significance of each. We follow two approaches to construct conditional volatilities. The first proxy consists of conditional volatilities implied by a GARCH(1, 1) fitted to demeaned g t and u t (we use an ARMA(1, 1) to model the conditional mean of the series). 9 The second proxy follows the lead of Bansal and Shaliastovich (2012a) 9 Since g t is the first principal component of a collection of macro series, its conditional volatility can and seeks to exploit the information about future volatility contained in yields. We begin by fitting a bivariate VAR (1) Bansal and Shaliastovich (2012a) , we find that both processes feature high persistence (their AR(1) coefficient for inflation expectations is 0.99, however), and that inflation has a non-neutral effect on growth (consistent with Piazzesi and Schneider (2007) ): the loading of consumption growth on lagged inflation is strongly significant. Next, we regress squared residuals between t and t + 12 on time-t yields: (table VIII) suggest that levels, rather than volatilities, are the most important driver of expected returns. The evidence is particularly strong for monetary policy shocks: the t-statistics for levels (u) range from 4.06 for 2-years bonds to 1.78 for 5-years bonds; the t-statistics for conditional volatilities (σ t (u)) areonly 0.64 and 1.26, respectively.
The same conclusion can be drawn for growth: with t-statistics between −3.02 and −1.77, growth levels (g t ) are statistically stronger than growth volatilities. Table IX presents the results obtained using the proxies constructed by Bansal and Shaliastovich (2012b) . While their measure for the conditional volatility for inflation has more explanatory power than σ t (u) (slope coefficients are significant with the exception of the 5 years horizon), levels of be also constructed by taking the first principal component of the conditional volatilities of the individual series. We follow this approach since it produces a series with stronger predictive power.
monetary policy shocks and growth remain statistically significant at all horizons. The results show that time variation in the monetary process u(t) and, to a lower extent, g(t) play an important role to help explain bond risk premia and they subsume the role played by the time variation in conditional volatilities.
VI. Conclusion
This paper develops a theoretical framework to study policy-related sources of bond return predictability. The empirical results are encouraging. The estimates of the full-fledged model indicate that as much as 35% (22%) of excess returns on bonds with 2 (5) years to maturity is predictable by our measures of monetary policy shocks and long run risk; these estimates are robust to the exclusion of the financial crisis from the sample. Over the past few years, the zero-bound has constrained the ability of the Fed to conduct monetary policy using the nominal short rate as a policy instrument. As a consequence, the Fed has shifted its attention towards less orthodox policies, such as QE, operation twist, etc. An interesting avenue for future research will be to incorporate these policy instruments into the theoretical framework, and analyze their pricing implications in the data.
VII. Appendix A: Proofs
A. The price of the wealth portfolio
The real return on the wealth portfolio is given by r W,t+1 = log
where z t denotes the (log) ratio of the price of the wealth portfolio to consumption: z t = log(P t /C t ).
First, we log linearize around the steady state z:
1+e z . Second, we conjecture that z t has a quadratic dependence on the state vector:
where a 2 is assumed to be symmetric, and log-linearize the quadratic term of z t+1 around the lagged state, so that the price of the wealth portfolio is conditionally affine in g t+1 :
Third, we substitute the guessed functional form of z t and consumption growth dynamics into the log-linearized expression for r W,t+1 :
where
Fourth, we substitute the expressions into the (log) Euler equation and exploit the conditional normality to obtain:
Since this equilibrium condition hold for all states and at all points in time (i.e. for all g t ), the constant and the loadings have to be equal to zero; using this condition, we obtain the following restrictions on the ω's
Finally, substituting out the ω's, we obtain the equilibrium restrictions that the a's have to satisfy:
] −1
substituting a 2 into a 1 and using the symmetry and commutative properties of diagonal matrices:
B. The real SDF
Substituting the processes of consumption growth and of the return on the wealth portfolio into the real SDF yields:
Recognizing that the real short rate is given by
we can re-write the real SDF as
C. Derivation of Endogenous Inflation
We conjecture that π t is quadratic in the k + 1 nominal state vector
where π 2 is a diagonal matrix; following Le and Singleton (2010) , we linearize the quadratic term around the lagged value of inflation:
notice that the linearized process for inflation is conditionally Normal. Next we substitute this conjecture in the equilibrium condition that equates the nominal short rate implied by the nominal SDF to the nominal short rate set by the Central Bank via the Taylor rule, and solve for π 0 , π 1 , and π 2 via the method of undetermined coefficients. Before proceeding, it is convenient to re-write the real SDF and the dynamics of the state vector in matrix form:
The nominal (log) SDF takes the form
implying that the short term nominal rate is given by
Substituting for the processes of the real SDF and inflation into the expression for the nominal short rate yields:
Now, substituting for π t in the right hand side of the equilibrium condition we have:
where ı ′ = [0 1×k , 1]. Since the equilibrium condition must hold for any value of the state variables, the constant, linear, and quadratic terms of the RHS and LHS of the equilibrium condition must be identical; matching coefficients and rearraning we obtain:
Notice that the last equation involves only diagonal matrices. The solution for element j of the diagonal of π 2 (y j ) is given by the root of the quadratic form:
where [A] j indicates the j-th element of the diagonal of A. Notice that the k + 1, k + 1 element of the matrices M 2 and Λ 1 are zero, so the equation for the loading π 2u on u 2 t simplifies to 0 = −2σ 2 u π 2 2u + (2ϕ u − β − 1)π 2u , yielding the set of solutions:
Let π 2j denote the loading on the generic quadratic term g 2 tj ; the roots for π 2j are given by:
where all sub-scripts have been suppressed for ease of notation (σ g , ϕ g etc. are the j-th element of the diagonal of the corresponding matrix). The roots for π 2g are given by:
D. Nominal SDF
The nominal SDF can be easily obtained by simply substituting for the real SDF and the inflation process:
Recognizing that the nominal short rate is given by
we can re-write the nominal SDF as
E. Bond Prices
Absence of arbitrage implies that the time t price of an n-period real zero-coupon bond P (n) t is equal to the expected price of an n − 1-period bond at time t + 1 discounted by the one-period real SDF:
where p
t+1 ; the price of a nominal bond is given by the same expression, with the nominal SDF replacing the real SDF. Since both the real and nominal SDF take the form:
we need to solve for this general case only.
The state dynamics are affine under the physical measure. The real stochastic discount factor for EZ preferences was then derived by conjecturing that the return on aggregate wealth has a quadratic dependence on the state, which implies that the short rate is also quadratic. In order to solve for prices, we conjecture that log-prices are quadratic in the state variables
so that the asset pricing restriction can be restated as:
and let Γ i denote the ith column of Γ (k×k) ; assuming C n−1 is symmetric, Realdon (2006) shows the last line above is equal to:
where abs Σ x denotes the absolute value of the determinant of Σ x . Expanding the bracket, we get
Matching coefficients, we obtain a set of difference equations that implicitly define A n , B n , and C n :
.
the boundary conditions are given by A 0 = B 0 = C 0 = 0. This solution implies that also yields are quadratic in factors:
It is easy to verify that the solution for the real short rate implied by these definitions is the same as the one derived above. For simplicity, we consider the special case where g t is unidimensional (k = 1). The mapping of the parameters for the real short rate case is given by: n = 1,
C n−1 = 0 because of the boundary conditions, and that Γ = ((Σ x Σ ′ x ) −1 − 2C n−1 ) −1/2 simplifies to σ g . Using these facts into the coefficients derived above, we obtain:
Hence,
F. Expected Returns
Log expected returns are also available in closed form:
However, one notices from the recursions that C(n) will be diagonal. The dot-product of the Γ i 's produces a matrix with
in the ii element and zero's everywhere else. Therefore,
Expected excess returns can therefore be written as:
G. Inflation Risk Premium
Nominal yields can be decomposed into real yields, expected inflation, an inflation risk premium, and a Jensens inequality term:
Nominal interest rates deviate from the Fisher hypothesis through the second and third terms. The 1-period inflation risk premium is 90  92  94  96  98  00  02  04  06  08  10 This figure displays time series for a proxy of the conditional variance of consumption growth and inflation using the estimation procedure described in Bansal and Shaliastovich (2012c) and discussed in the main text above. Sample Period: 1990 Period: .1 -2011 IX. Tables   Table I 
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Fixed Fixed Random Random t,t+12 , t-statistics, reported in ( )'s, are corrected for autocorrelation and heteroskedasticity using the Hansen and Hodrick (1983) GMM correction using 12 Newey-West lags.R 2 reports the adjusted R 2 . All left and right hand variables are standardized. A constant is included but not reported. This table reports regressions of annual (t → t + 12) excess returns of 2 to 5-year zero-coupon bonds on long run risk and policy shocks, a proxy for the conditional variance of consumption growth, and the conditional variance of policy shocks. The conditional variance of policy shocks is estimated by fitting a GARCH(1,1) to innovations in u t . The proxy for the conditional variance of consumption growth is the 1st principle component of GARCH(1,1) estimates fitted to the individual elements of the macro panel used to construct g t .
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